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$X$ Banach . $X$





$X$ Asplund . $C$ $X$ , $\overline{x}$ $C$ . $X^{*}$
$\hat{N}_{c}(\overline{x})=\{x^{*}\in X^{*}$ : $\lim_{c,xarrow}\sup_{\frac{\overline{x}}{x},x\neq}\frac{\langle x^{*},x-\overline{x}\rangle}{||x-\overline{x}||}\leq 0\}$




$N_{C}( \overline{x})=\lim\sup\hat{N}_{C}(x)=$ { $x^{*}\in X$ : $\exists x_{k}arrow\overline{x}c$ , $x_{k}^{*}arrow x^{*}$ with $x_{k}^{*}\in\hat{N}_{C}(x_{k})$ }
$xarrow\overline{x}c$
$C$ $\overline{x}$ (normal cone) . $C$ , 2
. $X$ $(-\infty, \infty]$ $f$ $f$
$\overline{x}$ (subdifferential)
$f(\overline{x}):=\{x^{*}\in X : (x^{*}, -1)\in N_{\mathrm{e}\mathrm{p}\mathrm{i}f}((\overline{x}, f(\overline{x})))\}$
. $Y$ Asplund $X$ $Y$ $G$ $X$ $\overline{x},$ $Y$ * $y^{*}$
, $X^{*}$
$D^{*}G(\overline{x})(y^{*})=$ { $x^{*}\in X$ : $(x^{*},$ $-y^{*})\in N_{\mathrm{g}\mathrm{p}\mathrm{h}}$G $((\overline{x},$ $G(\overline{x})))$ }
$G$ $\overline{x}$ coderivahve .
. $X$
$C$ $\overline{x}$ $\delta,$ $\gamma>0$ $X$ $S$ ,
$\hat{N}c(x)\subset K_{\gamma}(S)=$ { $x^{*}\in X^{*}:$ $\gamma||$x’ $|| \leq\max_{s\in S}|\langle x^{*},$ $s\rangle|$ }




[14], [2] . $f$ $X$ $(-\infty, \infty]$ proper
, $\overline{x}$ $X$ $f$ . $(\overline{x}, f(\overline{x}))$ normally




2.1([14]). $X$ Asplund , $f_{i}(i=1, \ldots, n)$ $X$ $(-\infty, \infty]$ proper
. $f_{2},$ $\ldots,$ $f_{n}$ $\overline{x}\in \mathrm{d}\mathrm{o}\mathrm{m}f_{1}\cap\cdots\cap$ dom$f_{n}$ normally compact
, $x_{i}^{*}\in\partial^{\infty}f\cdot(\overline{x})$
$x_{1}^{*}+\cdots+xn*=0\Rightarrow x_{1}^{*}=$ . . . $=x_{n}^{*}=0$
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, .$\cdot$






2.2. $X$ $Y$ Asplund , $G$ $X$ $Y$ , $C$ $X$ , $K$ $Y$
, $D=\{x\in C : G(x)\in K\}$ . $D$ $\overline{x}$ , $C$ $\overline{x}$
normally compact $K$ $G(x\circ$ $\triangleright\mathrm{a}$ normally compact $\overline{x}$
$(*)\{$
$z^{*}\in N_{C}(\overline{x})$ $y^{*}\in N_{K}(G(\overline{x}))$ ,
$\mathrm{O}\in D$‘ $G(\overline{x})(y^{*})+$ z” $y^{*}=0,$ $z^{*}=0$
,
$N_{D}(\overline{x})\subset\{D^{*}G(\overline{x})(y^{*})+z^{*} : y^{*}\in N_{K}(G(\overline{x})), z^{*}\in Nc(\overline{x})\}$
.
2.1. $X$ $Y$ Asplund , $f$ $X$ $R$ , $G$ $X$ $Y$
, $C$ $X$ , $K$ $Y$ ,
(P) $\min f(x)$ $s.t$ . $x\in C,$ $G(x)\in K$ .
. $\overline{x}$ (P) . $C$ $\overline{x}$ normally compact $K$
$G(\overline{x})$ normally compa $ct$ , $\overline{x}$ $(*)$ ,
$z^{*}\in N_{C}(\overline{x})$ $y^{*}\in N_{K}(G(\overline{x}))$ ,
$0\in\partial$f $(\overline{x})+D^{*}G(\overline{x})(y^{*})+z^{*}$
.







. $X=R^{n},$ $Y=R^{m},$ $f$i: $Xarrow R$ , $(i=0, \ldots, m)$ $C^{1}$ ,
$\mathrm{n}$ $f$ (x) $\mathrm{s}.\mathrm{t}$ . $f_{i}(x)\leq 0,$ $i$ =1, . . . , $p,$ $f_{i}(x)=0,$ $p$ +l, . . . , $m$
. $G(x)=$ ($f1(x),$ $\ldots$ , $f_{nn},($x)), $K=R_{-}^{p}\cross\{0\}^{m}$ ,
$D=\{x\in X : f_{i}(x)\leq 0, i=1, \ldots,p, f_{i}(x)=0, p+1, . . . , m\}$
$=\{x\in X : G(x)\in K\}$
. $x\in X,$ $y$ \in Y ,
$D^{*}G(x)(y)=\nabla G(x)*y$ $= \sum_{i=1}^{m}y_{i}\nabla f_{i}(x)$
$N_{C}(x)=N_{X}(x)=\{0\}$
$y\in N_{K}(G(x))\Leftrightarrow\{$
$f(x)\leq 0,$ $y_{i}\geq 0$ $y_{i}f(x)=0,$ $i$ =1, . . . , $p$
$f(x)=0,$ $i=p+1,$ $\ldots,$ $m$
. $D$ $\overline{x}$ $(*)$ , $y\in N_{K}(G(\overline{x}))$ ,
$\sum_{i=1}^{m}y_{i}\nabla f_{i}(\overline{x})=0$ $y_{i}=0$
(Mangasarian-Fromovitz ).
$\overline{x}$ , normally compact , 2.2
$N_{D}( \overline{x})\subset\{\sum_{i=1}^{m}y_{i}\nabla f_{i}(\overline{x}) : y_{i}\geq 0, y_{i}f_{i}(\overline{x})=0, i=1, \ldots,p\}$
. $\overline{x}$ , $y\in R^{m}$
$- \nabla f(\overline{x})=\sum_{i=1}^{m}y_{i}\nabla f_{i}(\overline{x})$ ;
$y_{i}\geq 0$ $y_{i}f_{i}(\overline{x})=0,$ $i$ =1, . . . , $p$
. Karush-Kuhn-Tucker .
3
Banach . [18] . $X$ Banach
. $X$ $C$ $C$ $\overline{x}$ $X$




$C$ $\overline{x}$ (Tangent cone) . $t_{n}[searrow] 0$ $t_{n}$ $t_{n}$ $>0$
0
$\overline{T}c(\overline{x})=\{x\in X$ : $\forall t_{n}[searrow] 0,$ $\exists x_{n}\in C$ S. $\mathrm{t}$ . $x= \lim_{narrow\infty}\frac{x_{n}-\overline{x}}{t_{n}}\}$
derivable cone ,
$\hat{T}_{C}(\overline{x})=$ { $x\in X$ : $\forall$t$n[searrow] 0,$ $z_{n}arrow\overline{x}c$ , $\exists xnarrow\overline{x}\mathrm{s}.\mathrm{t}c$ . $x= \lim\underline{x_{n}-z_{n}}$ }
$narrow\infty$ $t_{n}$
regular tangent cone . $\hat{T}_{C}(\overline{x})\subset\tilde{T}_{C}(\overline{x})\subset T_{C}(\overline{x})$ .
$\tilde{T}_{C}(\overline{x}\circ=T_{C}(\overline{x})$ , $C$ $\overline{x}$ geometrically derivable , $\hat{T}_{C}(x\circ---$
$T_{C}(\overline{x})$ $C$ $\overline{x}$ regular . $C$ $C$
regular , geometrically derivable . geometrically derivable
regular . $X=R^{3},$ $C=\{(x, y, z)\in R^{3}$ : $x\leq 0,$ $-1\leq y\leq$
$1,$ $z=0\}\cup\{(x, y, z)\in R^{3} : x\geq 0, -1\leq y\leq 1, z=-x\}$ , $\overline{u}=(0,0,0)$
$Tc(\overline{u})=\tilde{T}c(\overline{u})=\{(x, y, z) : x\leq 0, z=0\}\cup\{(x, y, z) : x\geq 0, z=-x\};$
$\hat{T}_{C}(\overline{u})=\{(x, y, z) : x=0, z=0\}$
, $C$ $\overline{u}$ geometrically derivable regular .
. $f$ $X$ $(-\infty, \infty]$
, $X$ $\overline{x}$ $f$ . $X$ $[-\infty, \infty]$
$\ovalbox{\tt\small REJECT}(\overline{x})(\overline{w})=\lim_{f[searrow],w}\mathrm{i}\mathrm{n}\mathrm{n}\mathrm{f}\frac{f(\overline{x}+\tau w)-f(\overline{x})}{\tau}\frac{0}{w}$
subderivahve ,
$\hat{d}$f(X) $( \overline{w})=\lim_{\delta[searrow] 0}(\lim_{f,xarrow}\sup_{\overline{x},\tau[searrow] 0}[\underline{\inf_{||w\overline{w}||\leq\delta}}\frac{f(x+\tau w)-f(x)}{\tau}])$
regular derivahve 1 .
epidf $(\overline{x})=T_{\mathrm{e}\mathrm{p}\mathrm{i}f}((\overline{x}, f(\overline{x})))$ ;
epidf $(\overline{x})=\hat{T}_{\mathrm{e}\mathrm{p}\mathrm{i}f}((\overline{x}, f(\overline{x})))$
.
. $Y$ Banach $G$ $X$ $Y$ .
$X$ $\overline{x}$ $X$ $Y$
$DG(\overline{x})(v)=$ {$w\in Y$ : $(v,$ $w)\in T_{\mathrm{g}\mathrm{p}}$hG $((’\overline{x},$ $G(\overline{y})))$ }
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$G$ $\overline{x}$ ,
$\overline{D}G(\overline{x})(v)=\{w\in Y : (v, w)\in\overline{T}_{\mathrm{g}\mathrm{p}\mathrm{h}G}((\overline{x}, G(\overline{x})))\}$
protO-derivative,
$\hat{D}G\langle\overline{x}$ ) $(v)=\{w\in Y : (v, w)\in\hat{T}_{\mathrm{g}\mathrm{p}\mathrm{h}G}((\overline{x}, G(\overline{x})))\}$
regular derivative . protO-derivative [16] . $X$ $v$





. $X$ $Y$ Banach , $F$ $X$ $Y$ . $X$ $\overline{x}$ $F$
strictly differentiable $F(’\overline{x})$ , $K>0$
(1) $(\overline{x}, F(\overline{x}))$ $(x, y)$ $d$ (x, $F^{-1}(y)$ ) $\leq K||y-F(x)||$
(2) $\overline{x}$ $x$ $t>0$ $B_{t}(F(x))\subset F(B_{Kt}(x))$
, $F(x)=y$ $x$ ,
(1) $\mathrm{y}$ , (2)
Robinson
$_{arrow\ovalbox{\tt\small REJECT}}^{arrow}$
3.1. $X$ $Y$ Banach , $C$ $X$ , $K$ $Y$ , $G$ $X$ $Y$
strictly differentiable . $X$ $Y$
$F(x)=\{$
$G(x)+K$, $x\in C$ ;
$\emptyset$ , $x\not\in C$
. $X$ $\overline{x}$ $0\in G(\overline{x})+K$ , $0\in \mathrm{i}\mathrm{n}\mathrm{t}[G(\overline{x})+\nabla G(\overline{x})(C-\overline{x})+K]$
, $K>0$ , $(\overline{x}, 0)$ $(x, y)$
$d(x, F^{-1}(y))\leq Kd(y, F(x))$
.
$D=\{x\in C:-G(x)\in K\}$ .
$D_{y}=\{x\in C:y\in G(x)+K\}$
. $F$
$F^{-1}(y)=D_{y}$ . , $(x, y)$ $(\overline{x}, 0)$ $x$ $D_{y}$
$y$ $F$ (x)
. metric regularity .
.
56
. $X$ $Y$ , $F$ $X$ $Y$ , $(\overline{x}, y-)$ $F$ .
$K>0$ $(\overline{x}, y-)$ $(x, y)$ ,
$d(x, F^{-1}(y))\leq Kd(y, F(x))$
, $F$ $(\overline{x}, y-)$ metric regularity .
$F$ metric regularity 3.1
[4]. , $C$ $X$ 3.1 Mangasarian-
Fromovitz . 2 $X$ $Y$ , $G$
$C$ $K$ , $(*)$
$F$ metric regularity :
3.2. $X$ $Y$ , $G$ $X$ $Y$ , $C$ $X$
, $K$ $Y$ $D=\{x\in C:G(x)\in K\}$ . $X$ $Y$
$F(x)=\{$
$G(x)+K$, $x\in C$ ;
$\emptyset$ , $x\not\in C$
. $D$ $\overline{x}$ $(*)$ ; $i.e$ .
$(*)\{$
$z\in N_{C}(\overline{x})$ $y\in N_{K}(G(\overline{x}))$ ,
$0\in D^{*}G(\overline{x})(y)+z$ $y=0,$ $z$ =0.
$F$ $(\overline{x}, 0)$ metric regularity .
$F$ metric regularity
. 1986 Borwein[l] .
3.3(Borwein). $X$ $Y$ Banach , $C$ $X$ , $K$ $Y$ $G$
$X$ $Y$ strictly differentiable .
$D=\{x\in C:G(x)\in K\}$ , $F(x)=\{$
$G(x)+K$, $x\in C$ ;
$\emptyset$ , $x\not\in C$
, $\overline{x}$ $D$
$T_{D}(\overline{x})\subset\{w\in T_{C}(\overline{x}) : \nabla G0)w\in T_{K}(G(\overline{x}))\}$
. $F$ $(\overline{x}, 0)$ 1] met,ric regularity
$\hat{T_{D}\prime}(\overline{x})\supset$ { $w\in\hat{T}c(\overline{x})$ : $\nabla$G $(\overline{x})w\in\hat{T}_{K}(G(\overline{x}))$ }.
, $C$ $K$ $\overline{x}$ $G(\overline{x})$ regular , $D$ $\overline{x}$ regular




3.4. $X$ $Y$ Bana$ch$ , $C$ $X$ , $K$ $Y$ $G$ $X$ $Y$
.
$7)=\{x\in C : G(x)\in K\}$ , $F(x)=\{$
$G(x)+K$, $x\in C$ ;
$\emptyset$ , $x\not\in C$
. $\overline{x}$ $D$ , $G$ $\overline{x}$ ,
$\ovalbox{\tt\small REJECT}(\overline{x})\subset\{w\in Tc(\overline{x}) : \tilde{D}G(\overline{x})(w)\in T_{K}(G(\overline{x}))\}$
. $F$ $(\overline{x}, 0)$ $l$ ) metric regularity
$T_{D}(\overline{x})\supset\{w\in\overline{T}c(\overline{x})$ : $DG(\overline{x})(w)\in\overline{T}_{K}(G(\overline{x}))\}$ .
, $C$ $K$ $\overline{x}$ $G(x\circ$ geometrically derivable $G$ $\overline{x}$ protO-
differentiable , $D$ $\overline{x}$ geometrically derivable
$T_{D}(\overline{x})=$ { $w\in T_{C}$ (x): $\nabla$G($\overline{x}$ ) $(w)\in T_{K}(G(\overline{x}))$ }
.
.
3.1. $X,$ $Y_{i}G,$ $C,$ $K,$ $D,$ $F$ 3.4 . $f$ $X$ $R$
,
(P) inf $f(x)$ $s.t$ . $x\in D$
. $\overline{x}$ (P) $F$ $(\overline{x}, 0)$ metric regularity
$\ovalbox{\tt\small REJECT}(\overline{x})$ $(w)\geq 0,$ $\forall w\in\tilde{T}_{A}(\overline{x})\cap DF(\overline{x})^{-1}\tilde{T}_{B}(F(\overline{x}))$
.
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